Cytomegalovirus infection of murine testicular interstitial Leydig cells. by Baskar, John R. et al.
INFECTION AND IMMUNITY, May 1983. p. 726-732 Vol. 40, No. 2
0019-9567/83/050726-07$02.00/0
Copyright C) 1983, American Society for Microbiology
Cytomegalovirus Infection of Murine Testicular Interstitial
Leydig Cells
JOHN F. BASKAR,* SYLVIA C. STANAT, AND ENG-SHANG HUANG
Cancer Research Center and Department of Medicine, School of Medicine, University of North Carolina,
Chapel Hill, North Carolina 27514
Received 24 August 1982/Accepted 14 January 1983
We studied the susceptibility of mouse testicular interstitial Leydig cells to
cytomegalovirus both in vivo and in vitro. The in vivo studies included intratesti-
cular and intraperitoneal infection of 6-week-old mice with murine cytomegalovi-
rus (MCMV); the in vitro studies involved an MCMV-Leydig cell interaction
using a Leydig tumor cell line (1-10). MCMV-specific antigens were detected in
interstitial Leydig cells in sections of MCMV-inoculated testes by an indirect
immunofluorescence test. MCMV DNA was also localized in the same testes cells
derived from mice, which received intratesticular and intraperitoneal MCMV
inoculations, respectively, by in situ DNA-RNA hybridization. Cytopathic effects
were seen in MCMV-infected 1-10 cell cultures 2 or more days after exposure to
MCMV. The infected cells showed intranuclear inclusions characteristic of
cytomegalovirus when stained with May-Grunwald-Giemsa stain. The indirect
immunofluorescence test was also positive with MCMV-infected 1-10 cells.
MCMV DNA was detected in these cells by in situ DNA-RNA cytohybridization,
and the presence of viral particles in MCMV-infected 1-10 cells was confirmed by
electron microscopy. Thus, we conclude that the interstitial Leydig cell is
susceptible to MCMV infection both in vivo and in vitro.
Cytomegalovirus (CMV) infection is one of
the most common congenital infections in hu-
mans and can lead to a wide variety of birth
defects (4, 11, 13, 19, 23). The genital system is
often among the affected areas. Human CMV is
frequently isolated from human semen (14; un-
published data). The origin of infection and
susceptible cell types in the testes are still un-
clear. Therefore, as an initial step, we used the
murine CMV (MCMV) system to study this
problem with the interstitial Leydig cell. Testic-
ular interstitial Leydig cells develop very early
in life and may be one of the target cells for
CMV-induced congenital defects of the male
genital system. Steroidal secretions of Leydig
cells are required for the development and main-
tenance of the male reproductive function (5). It
is possible that infection of Leydig cells may
contribute to venereal transmission of CMV and
also disrupt the Leydig cell function. To investi-
gate the susceptibility of Leydig cells to CMV
infection, we inoculated mice intratesticularly
and intraperitoneally with MCMV and studied
the outcome. We also studied the CMV-Leydig
cell interactions in vitro using a Leydig cell line
(1-10; American Type Culture Collection, Rock-
ville, Md.) derived from a mouse testicular inter-
stitial cell tumor (22). Both our in vivo and in
vitro studies demonstrate that these cells are
susceptible to MCMV.
MATERIALS AND METHODS
Virus. Stock salivary gland MCMV (Smith strain)
was plaque purified and passaged (multiplicity of in-
fection [MOI], 0.005), in either secondary or tertiary
mouse embryo fibroblast (MEF) cultures before use.
MEF cultures were derived from Sendai virus-free
late-pregnancy CF-1 mouse embryos and were cul-
tured in minimum essential medium containing 100 U
of penicillin and 100 ,ug of streptomycin per ml (MEM)
supplemented with 10% heat-inactivated calf serum.
After infection with MCMV, the cells were maintained
in MEM with 4% calf serum.
Intratesticular and intraperitoneal inoculations. Sen-
dai virus-free, random-bred CF-1 mice (Charles River
Breeding Laboratories, Inc., Wilmington, Mass.) were
used throughout the study. Salivary gland extracts
from randomly selected mice were tested on mouse
MEF cultures and found to be free of MCMV. Six-
week-old males were anesthetized with tribromoetha-
nol (Avertin; Winthrop Laboratories, New York) (2).
A small ventral incision was made, and each testis was
gently lifted out of the scrotum and injected with
approximately 20 ,l. of an MCMV preparation contain-
ing 104 PFU. The testes were slipped back into the
scrotum, and the incision was closed. Alternatively,
other groups of 6-week-old males from the same
mouse colony were inoculated with the MCMV prepa-
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ration containing 104 PFU. Testes of the control mice
were similarly inoculated with 20 p.1 of heat-inactivat-
ed MCMV. All procedures were performed under
aseptic conditions. The testes were removed 1 to 6
days later, and 8-p.m frozen sections were made.
Interstitial testicular Leydig cell line (I-10 cells).
Frozen 1-10 cells were obtained from the American
Type Culture Collection, Rockville, Md. The cells
were derived from a mouse testicular interstitial cell
tumor of spontaneous origin. The cells show homoge-
neous epithelial morphology and persistently produce
steroids in culture (22). They were propagated in
MEM supplemented with 10% heat-inactivated fetal
calf serum (FCS). After infection with MCMV (MOI,
1), the cells were maintained in MEM with 4% FCS.
Histology. For routine observations, both frozen
sections and cultured cells were fixed in Bouin solu-
tion and stained with hematoxylin and eosin. MCMV-
infected cells were also stained with May-Grunwald-
Giemsa stain to show inclusion bodies.
Indirect immunofluorescence. Briefly, frozen sec-
tions and both virus-infected and uninfected cells
grown on slides were fixed with ice-cold acetone-
methanol (1:1) for 10 min. Antiserum to MCMV was
prepared (1) by inoculating 10-week-old male CF-1
mice with two sublethal doses of MCMV 3 weeks
apart. Mice were bled 2 weeks after the second
inoculation. The antiserum had an immunofluores-
cence titer of 1:128. Dilutions of 1:32 in Dulbecco
phosphate-buffered saline were used in our tests. One-
half of the specimens were incubated with anti-MCMV
at 37°C in a humidified atmosphere for 45 min. As a
control, the other half of the specimens were incubat-
ed similarly with a pool of nonimmune serum derived
from several uninfected CF-1 mice. All slides were
then thoroughly washed with phosphate-buffered sa-
line and incubated with fluorescein isothiocyanate-
conjugated antimouse immunoglobulin G (Cappel Lab-
oratories, Downingtown, Pa.) for 45 min. The slides
were again washed in phosphate-buffered saline,
mounted in phosphate-buffered glycerol, and exam-
ined under a Leitz Ortholux fluorescent mode micro-
scope.
In situ hybridization. Methods employed in the
transcription of complementary RNA ([3H]cRNA)
with purified MCMV DNA as a template and use of
this [3H]cRNA probe for cytohybridization reactions
have been published (3, 10). The procedure was per-
formed on frozen sections of testes derived from
MCMV-inoculated mice, MCMV-exposed 1-10 cells,
frozen sections of the uninfected control testes, 1-10
cells exposed to heat-inactivated MCMV, and
MCMV-infected MEF.
Electron microscopy. 1-10 cells were fixed in 2%
glutaraldehyde in 0.1 mM cacodylate buffer for 2 h,
washed in cacodylate buffer, and postfixed in 1%
osmium tetroxide in cacodylate buffer (16). After serial
dehydration in graded ethanol, the fixed cells were
embedded in Epon 812. Ultrathin sections were cut
with a diamond knife, stained with uranyl acetate and
lead citrate, and viewed under an electron microscope
(Hitachi).
Restriction enzyme analysis of viral DNAs. The re-
striction enzyme analysis of viral DNAs was per-
formed as described elsewhere (12). MEF and 1-10 cell
monolayers were infected with stock MCMV. After 90
min of virus adsorption and 24 h of tissue culture, the
medium was replaced with low-phosphate MEM con-
taining 4% dialyzed FCS and 30 p.Ci of carrier-free 32p,
(New England Nuclear Corp., Boston, Mass.) per ml.
After culture for an additional 48 to 72 h, the 32p-
labeled viral DNAs were purified (10). Then the puri-
fied 32P-labeled viral DNAs (10 p.l; 104 cpm) in Tris-
buffered saline (0.15 M NaCl and 0.05 M Tris-
hydrochloride [pH 7.4]) were digested with 5 p.l (10 U)
of EcoRI (8), XbaI (25), or BamHI (24) for 6 h at 37°C
in the presence of 0.01 M MgCl2 and 0.006 M P-
mercaptoethanol. Electrophoresis of the samples was
carried out in E buffer (30 mM Tris, 20 mM sodium
acetate, and 1 mM EDTA [pH 7.2]) on a 1% agarose
slab gel at a constant voltage of 4 V/cm (10). The gels
were vacuum dried onto Whatman filter paper, and X-
ray film exposures were made (RP/R2; Kodak, Roch-
ester, N.Y.).
RESULTS
Infection of testicular interstitial Leydig cells in
vivo by intratesticular inoculations. The Leydig
cells located in the interstitial spaces showed
signs of infection in frozen sections taken 3 or
more days after intratesticular infection; when
the sections were stained with hematoxylin and
eosin, some of these cells appeared enlarged
(Fig. lb). In contrast, the Leydig cells in the
control testes and in the testes inoculated with
MCMV for 2 days did not show any appreciable
enlargement (Fig. la).
To confirm MCMV infection of the Leydig
cells, frozen sections were subjected to indirect
immunofluorescence and in situ cRNA-DNA
cytohybridization tests. When anti-MCMV im-
mune serum was used, MCMV-specific anti-
gen(s) was detected on few Leydig cells from
testicular sections obtained 2 days after MCMV
inoculation, but the number of Leydig cells
showing specific immunofluorescence markedly
increased when testes were examined 3 or 4
days after inoculation (Fig. lc). MCMV-specific
antigens could not be detected on any Leydig
cells of sections obtained either from control
testes or from testes removed 1 day after
MCMV inoculation. In addition, nonimmune
mouse serum did not react with any Leydig cells
of sections from either control or experimental
testes.
Confirmation of MCMV infection of Leydig
cells was obtained with in situ cRNA-DNA
cytohybridization experiments. However, the
distinctive grains observed on Leydig cells were
restricted to a few scattered areas of the testes
tested on days 3 and 6 after MCMV inoculation
(Fig. ld). In addition, wide areas of these testic-
ular sections also contained distinctive silver
grains inside the lumen of tubules, notably on
spermatids. In contrast, none or a few scattered
grains were found on either the Leydig cells or
inside the lumen of the sections from the control
testes or testes inoculated with MCMV for 24 h.
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FIG. 1. In vivo infection of testicular interstitial Leydig cells in 6-week-old mice. (a) Section of an uninfected
testis showing normal interstitial cells (IC). x400. (b) Section of an MCMV-infected testis showing enlarged cells
in the interstitial space. x400. (c) A consecutive section of the MCMV-infected testis showing MCMV-specific
immunofluorescence in the interstitial cells. x400. (d) Another consecutive section of the MCMV-infected testis
showing silver grains in some of the interstitial cells. x 1,200. These testes were quick frozen, and 8-p.m sections
were taken. Sections a and b were stained with hematoxylin and eosin, section c was submitted to an indirect
immunofluorescence test, and section d was submitted to an in situ cRNA-DNA cytohybridization.
Infection of testicular interstitial Leydig cells in
vivo by intraperitoneal inoculations. To verify
whether the testicular infection would also occur
after distant inoculations, we administered
MCMV to male mice intraperitoneally. These
inoculations resulted in the infection of testes.
MCMV was reisolated (in three of six cases) 6 or
more days after the inoculation by cocultivating
pieces of testes with MEF. In contrast, MCMV
was not isolated from any of the uninfected
control testes when cocultivated with MEF.
However, infection of the Leydig cells in the
testes of mice inoculated intraperitoneally with
MCMV was milder as determined by our cRNA-
DNA in situ cytohybridization experiments. The
distinctive grains observed on Leydig cells were
restricted to a few scattered areas of the testicu-
lar sections tested 4 or more days after the
inoculation. However, wide areas of these tes-
ticular sections contained distinctive silver
grains inside the lumen of the tubules, notably
on spermatids. None or a few background scat-
tered grains were found either on the Leydig
cells or on cells in the lumen of the testicular
sections tested on days 1 and 3 after the inocula-
tion or from the uninfected control testes.
Susceptibility of 1-10 cells to MCMV. After
exposure of the I-10 cells to MCMV (MOI, 1),
MCMV replication and release of the virus oc-
curred over the first 24 h. Supernatants of the
infected cultures contained peak viral titers ap-
proximately 4 days postinfection (Fig. 2). The
time course of MCMV production in these 1-10
cells was similar to that in MEF (Fig. 2). The
characteristic cytopathic effect was first ob-
served 48 h postinfection. After an additional 2
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FIG. 2. Growth of MCMV in 1-10 Leyd
MEF. 1-10 Leydig and MEF monolayers i
lated with MCMV (MOI, 1). After adsorj
min, the cells were cultured with MEM co
FCS. Supernatants from infected cultures
at different times postinfection and titrate
Symbols: 0, supernatants from MCMV-pa
Leydig cells; V, supernatants from MCM
MEF; 0, supernatants from mock-infecte
dig cells; and V, supernatants from mc
MEF.
to 3 days, 100% of the cells became ro
most detached from the surface of t]
dishes (Fig. 3b). Infected cells reveale
clear inclusions when stained with t
wald-Giemsa stain. Neither cytopathic
intracellular inclusions was detected it
fected 1-10 cells.
To detect MCMV antigens, indirec
fluorescence tests were carried out or
with anti-MCMV mouse serum. Of th
to 35% in all three experiments were p
MCMV-specific antigens 1 day afte
infection. Subsequently, the numbe
showing specific immunofluorescence
to .60% when tested 2 or more
MCMV infection (Fig. 3c). However,
rum did not stain either the uninfected
10 cells exposed to heat-inactivated I
pool of nonimmune mouse serum obtC
CF-i mice did not stain MCMV-inf
cells in the indirect immunofluorescei
In situ cRNA-DNA cytohybridiz
performed to localize the viral DI}
intranuclear 1-10 cells. Distinct and
silver grains were observed over I-1(
more days after MCMV infection (F
contrast, none or a few scattered gi
seen on uninfected 1-10 cells or on
exposed to MCMV for 1 day. The
positive cells in the experimental gro
from 21 to 57% as compared with a
with background grains in the contro
Electron microscopy was used for direct visu-
,. alization of MCMV in samples of 1-10 cells.
, Numerous viral particles with typical herpesvi-
, rus morphology were observed both in the nu-
cleus and the cytoplasm of 1-10 cells beginning 1
day after infection (Fig. 4b). Complete destruc-
tion of the internal architecture of the cells with
numerous viral particles was observed in I-10
cells 3 or 4 days after MCMV infection (Fig. 4c).
In contrast, no herpesvirus-like particles were
observed in the control non-MCMV-exposed
cells (Fig. 4a).
0 Three experiments with restriction endonucle-
S ase analyses (12) were performed to verify that
the virus used to infect the 1-10 cells was the
same as that recovered from the infected cells.
Jig cells and Three restriction endonucleases, EcoRI (8),
ptionfocur9 XbaI (25), and BamHI (24), which recognize and
ntaining 4%o cleave specific DNA base sequences, were used
were taken for analysis of the viral DNAs. Identical frag-
d on MEF. ment patterns were obtained for the two viral
issaged 1-10 DNAs, demonstrating that the virus recovered
IV-passaged from the 1-10 cells is most probably a reisolation
d I-10 Ley- of the virus employed to infect the cells.
)ck-infected
DISCUSSION
The results obtained in this investigation dem-
onstrate that mouse interstitial testicular Leydig
unded and cells are susceptible to MCMV infection.
he culture MCMV intratesticular inoculations resulted in
-d intranu- infection of these cells. We detected MCMV-
vlay-Grun- specific antigens (Fig. lc) and MCMV DNA
effect nor (Fig. ld) in these cells 3 days after intratesticular
n the unin- inoculations. Similarly, we detected MCMV
DNA in these cells 4 or more days after intra-
t immuno- peritoneal inoculations. As might be expected,
n I-10 cells further studies in vitro also demonstrated 1-10
Le cells, 30 cell susceptibility to MCMV. In these cells,
'ositive for MCMV replicated at high levels, leading to a
-r MCMV productive infection (Fig. 3 and 4).
r of cells Brautigam and Oldstone (3), in an attempt to
increased establish an infection of testicular germ-line
days after cells, inoculated newborn mice intraperitoneally
the antise- with MCMV and 1 week later performed in situ
I cells or I- cRNA-DNA cytohybridization on a small num-
MCMV. A ber of testes of these mice. Although the investi-
ained from gators observed silver grains over epitheloid-like
ected 1-10 cells external to the tunica albuginea of the
nce test. testicular section, they did not identify those
ation was cells as Leydig cells. In our investigation, we
qA in the used 6-week-old male mice whose testicular
clustered interstitial cells were well developed and easily
) cells 2 or identifiable as Leydig cells. To ensure better
ig. 3d). In interaction between Leydig cells and MCMV,
rains were we also administered MCMV directly into the
1-10 cells testes.
number of Our findings that testicular interstitial Leydig
Fups varied cells are susceptible to MCMV are important in
i few cells two ways: (i) this infection may result in sexual
1 groups. transmission of MCMV, and (ii) this infection
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FIG. 3. Infection ofMCMV in 1-10 Leydig cells. (a) Uninfected monolayer of 1-10 Leydig cells. x 190. (b) The
same monolayer 4 days after MCMV infection (MOI, 1). x190. (c) MCMV-infected 1-10 Leydig cells (4 days
postinfection) showing MCMV-specific immunofluorescence after reaction with anti-MCMV serum and with
fluorescein isothiocyanate-conjugated goat antimouse gamma globulin. x750. (d) MCMV-infected 1-10 Leydig
cells (4 days postinfection) showing silver grains after reacting with radiolabeled MCMV cRNA in an in situ
cytohybridization. x750.
may upset the endocrine balance of the male.
CMV infections of the female genital tract are
common during pregnancy and may represent an
important source of neonatal infection (6, 18). It
has been speculated that venereal acquisition
and transmission of this virus may occur both in
humans and in mice (7, 14, 15). Lang et al. (14,
15) have found a high CMV titer in semen of
some patients. Coupled with a recent report that
MCMV is harbored in reproductive tissues of
adult male mice (3), our observations of infec-
tion of mouse testicular interstitial cells, sperma-
tids, mature sperm cells, and some other uniden-
tified cells located inside the testicular tubules
(J. F. Baskar, S. C. Stanat, and E.-S. Huang,
manuscript in preparation) raise a strong possi-
bility that MCMV infection can be transmitted
venereally.
Spermatozoa are formed within the testicular
tubules by a process that requires testosterone
production by the extracellular compartment,
the stroma with the Leydig cells (9, 17). During
the process, the exchange of hormonal signals
between the pituitary gland and the testes is
tightly coupled (5) and affects behavior (20).
Studies are now under way to determine wheth-
er the infection of the testicular interstitial Ley-
dig cells may upset this hormonal balance and
impede gametogenesis. We have observed nu-
merous CMV-like particles in the nuclei of im-
mature or growth-retarded sperm cells of
MCMV-inoculated mice.
The 1-10 cell line used in this study originated
from a spontaneous tumor of an inbred mouse
(BALB/c) and has been in culture for a long time
(22). To further validate our present in vitro
studies, methods are being devised to isolate
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complete retention of morphological and bio-
chemical integrity (21) and to determine whether
these cells are similarly susceptible to MCMV.
This monolayer endocrine cell line will also
serve as an ideal model to study how MCMV
infection can alter the biosynthesis capacity of
steroids to trophic hormones administered in
vitro.
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